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UNITED STATES GENERAL ACCOUNTING OFFICE 

WASHINGTON, D.C. 20648 

RESOURCES COMMUNITY, 
AND ECONOMIC DEVELOPMENT 

DIVISION 

B-204290 

The Honorable Mike Synar, Chairman 
Subcommittee on Environment, Energy, 

and Natural Resources 
Committee on Government Operations 
House of Representatives 

Dear Mr. Chairman: 

On December 22, 1983, you asked us to answer certain program- 
matic, technical, and financial questions concerning the Union Oil 
Company's oil shale proqram. Specifically, you were interested in 
knowinq whether the U.S. Synthetic Fuels Corporation's plans to 
award up to $2.7 billion in assistance to Union for phase II of 
its program were consistent with the Corporation's programmatic 
goals. You were also concerned about the propriety of the Corpor- 
ation's awarding financial assistance to Union for phase II since 
(1) phase I had already received $400 million in assistance from 
the Department of Energy and (2) Union had not been successful in 
operating phase I even though construction was completed in August 
1983. This report provides the answers to the questions you 
asked. 

As requested by your office, we did not obtain official com- 
ments on this report either from Corporation or Union officials. 
We did, however, discuss the contents with officials from both and 
incorporated their suggested changes where appropriate. Unless 
you publicly announce its contents earlier, we plan no further 
distribution of this report until 30 days from the date of its is- 
suance. At that time, we will send copies to the U.S. Synthetic 
Fuels Corporation, Union Oil Company, and make copies available to 
others upon request. 
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PJ,ANS TO AWARD ADDITIONAL 
FINANCIAL ASSISTANCE TO 
THE UNION OIL COMPANY OIL 
SHALE PROGRAM 

DIGEST -_ - - --- 

Union Oil Company of California has a phased 
approach to convert shale to oil. Union con- 
structed phase I of its program in Garfield 
County, Colorado, at a cost of about $650 mil- 
lion. Construction was completed in August 
1983, but Union has experienced a number of 
technical problems and has not yet proven that 
phase I will work. Union plans to build phase 
II near its phase I project. Phase II will be 
constructed in two increments--increment I is 
estimated to cost $1.8 billion and is expected 
to be completed by December 1989. Increment 
II is estimated to cost $1.4 billion and is 
expected to be completed by December 1992. 

In July 1981, the Deparment of Energy (DOE) 
approved u 

P 
to $400 million in price guarantee 

assistance for Union's 10,400 barrel per day 
phase I project. In February 1982, all rights 
and obligations for the phase I contract were 
transferred to the U.S. Synthetic Fuels 
Corporation (the Corporation). Under the 
phase I contract, Union was guaranteed a price 
of $42.50 per barrel for the synthetic fuel 
produced by the project. The $42.50 price was 
to be adlusted quarterly based on the Gross 
National Product and natural gas index and in 
June 1984 was about $48 per barrel. As of 
July 1984, Union had not received any of the 
$400 million since phase I had not produced 
any synthetic fuel. (See p. 1.1 

On December 1, 1983, the Corporation signed a 
letter with Union outlining its intentions to 
award a maximum of $2.7 billion in financial 
assistance for two 21,076 barrel per day phase 
II increments. Increment I could receive a 
maximum of $1.95 billion, and increment II 
could receive a maximum of $750 million. The 
letter states that Union would receive a $60 

Jwith a price guarantee, the government agrees to pay the differ- 
ence between a minimum price per barrel and the market price of 
the pro]ect's product if the market price is lower than the 
minimum price. 

GAO/RCED-84-187 
JULY 23, 1984 



per barrel price guarantee for the project's 
synthetic fuel, which may be increased by up 
to $7 per barrel if Union can successfully 
build and operate phase II with a modified, 
more energy efficient technology. (See pp. 1 
and 2.) 

In a December 22, 1983, letter from the Chair- 
man, Subcommittee on Environment, Energy, and 
Natural Resources, House Committee on Govern- 
ment Operations, and subsequent discussions 
with the Chairman's office, GAO was asked to 
answer several programmatic, technical, and 
financial questions related to Union's oil 
shale program. (See pp. 4 and 5.) 

WHAT IS THE RELATIONSHIP BETWEEN FUNDING UNION 
PHASE II AND THE CORPORATION'S PROGRAMMATIC 
GOALS? 

In 1982, the Corporation realized it could not 
meet the Energy Security Act's production 
goals of 500,000 barrels per day of crude oil 
equivalent by 1987 and 2 million barrels per 
day by 1992. As a result, it decided to trade 
off “some” production to concentrate on an- 
other goal of the act--developing a diversity 
of projects using various synthetic fuels 
technologies. To meet this objective, the 
Corporation established funding levels by 
resource, such as oil shale. (See pp. 7 and 
8.) 

The Corporation's current goal is to spend a 
maximum of $4.94 billion on oil shale proj- 
ects. The Corporation plans to award all of 
the $4.94 billion to three projects--Union 
phase II ($2.7 billion), Cathedral Bluffs 
($2.19 billion), and Seep Ridge ($0.045 bil- 
lion). According to Corporation officials, 
these three projects meet the act's require- 
ments for diversity since they each use dif- 
ferent technologies, different mining tech- 
niques, and different qualities of shale. 
However, both Union phase II and Cathedral 
Bluffs use Union's technologies (although Ca- 
thedral Bluffs uses it in combination with 
another technology). (See pp. 8 and 9.) 

The Corporation's ability to follow through 
with its current plans is in question. For 
example, since April 1984, the Corporation's 
Board of Directors has not had a sufficient 
number of members to act on financial assist- 
ance awards. As of July 20, 1984, no new di- 
rectors had been named. Also, there are a 
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number of leyisldtlve proposals which, if en- 
acted, could sharply curtail the funds and 
activitlrbs of the Corporation. (See p. 9.) 

WHY DO THE PHASE II MAXIMUM PRICE GUARANTEE -em- --- -- --- 
AMOUNTS DIFFER BETWEEN INCREMENT I ($1.95 -- 
iTKEX6iijmXXINCREMENT 11 ($750 MILLION)? 

Price guarantees differ between increments I 
and II for two reasons. First, construction 
costs for increment I are higher because they 
include about $477 million for facilities 
which will be used by both increments but 
whose costs would be paid during construction 
of increment I. Second, the Corporation as- 
sumed that energy prices would increase during 
the price guarantee period by 7.5 percent per 
year after 1989-- the estimated production date 
for increment I. For example, the Corporation 
prolects that energy prices would be about $48 
per barrel in 1989 and about $58 per barrel in 
1992--the first year of operation of increment 
II. As a result of these proJected increases, 
the difference between energy prices and the 
$67 per barrel the Corporation guaranteed to 
pay would be less. The Corporation determined 
that a lower amount of assistance would still 
provide Union a "reasonable" return on its 
investment for increment II. (See p. 10.) 

WHY WOULD THE CORPORATION OFFER A $67 PER BAR- --------- 
REL ASSISTANCE LEVEL FOR UNION FKASE II WHEN --- 
DOE NEGOTIATED-A $42,50PER BARREL LEVEL FOR 
PHASEI?--- 

---- - 

The $42.50 per barrel phase I quaranteed price 
was a composite price derived by DOE from the 
market price of two petroleum products--jet 
fuel and diesel fuel. DOE selected these 
products because Union had agreed to sell to 
the Department of Defense 33 million barrels 
of oil of which 30 percent would be jet fuel 
and 70 percent would be diesel fuel. DOE es- 
timated that the $42.50 per barrel would pro- 
vide IJnion a 20 percent return on its 
investment. (See pp. 11 and 12.) 

The $67 per barrel guaranteed price in the 
phase TI letter (this assumes the modified, 
more energy efficient technology is built) is 
not related to specific petroleum products. 
Rather, after conducting various analyses, the 
Corporation determlned that $67 per barrel 
would provide IJnion a "reasonable" return on 
its investment--about 21 percent. These 
analyses considered inflation and increased 



construction, operating, and maintenance 
costs. (See pp. 11 and 12.) 

HOW DOES UNION'S $67 PER BARREL COMPARE WITH 
OTHER REQUESTS FOR FINANCIAL ASSISTANCE 
FOR OIL SHALE PROJECTS? 

The three projects competing for the $4.94 
billion targeted by the Corporation for oil 
shale have been offered price guarantees of up 
to $67 (Union phase II), $60 (Cathedral 
Bluffs), and $42.50 (Seep Ridge) per barrel. 
Both Cathedral Bluffs and Seep Ridge requested 
a combination loan and price guarantee while 
Union requested only price guarantees. Fur- 
ther, Union would be guaranteed $60 per barrel 
which may be increased by $7 per barrel if 
Union builds phase II using its modified, more 
energy efficient technology and is successful 
in achieving expected energy efficiencies. 
(See pp. 12 and 13.) 

WILL PHASE II ASSISTANCE SUPPLEMENT PHASE I 
OPERATIONS? 

Neither GAO nor the Corporation identified any 
phase II costs specifically targeted to sup- 
plement phase I operations. According to the 
Corporation's Project Officer for Union, the 
phase II letter does not restrict how Union 
uses the price support payments it receives. 
Therefore, Union could, according to the Cor- 
poration, use phase II funds for phase I. 
Union cannot, however, use phase I production 
to collect price guarantee payments from phase 
II. (See p. 13.) 

HOW WILL PHASE I AND PHASE II PRICE GUARAN- 
TEES AFFECT UNION'S AFTER-TAX CASH FLOW? 

GAO calculated, based on Corporation data, 
Union's cumulative after-tax cash flow for 
phase I and phase II using constant dollars. 
GAO found that it will take Union 16 years 
from the start of construction of phase I to 
experience a positive cumulative after-tax 
cash flow. During these 16 years, the maximum 
Union would have invested in the project would 
be about $585 million. For both increments of 
phase II, it will take Union 11 years to 
achieve a positive cumulative after-tax cash 
flow. Union would have invested about $1.2 
billion of its money during the 11 years. 
However, in the later years, the projects' 
economics become more favorable. For 



example, Llnion's cumulative after-tax cash 
flow could be as much as $252 million for 
phase I resulting in an internal average an- 
nual rate of return of about 8.5 percent. For 
phase II (both increments) Union's cumulative 
after-tax cash flow could be as much as $2.3 
billlon, resulting in an internal average 
annual rate of return of about 14 percent. 
(See pp. 15 and 16.) 

IS THE TECHNOLOGY TO BE USED TO BUILD PHASE II 
SUBSTANTIALLY DIFFERENT FROM, OR IS IT A RE- 
FINEMENT OF, THE TECHNOLOGY USED TO BUILD 
PHASE I? 

The technologies are the same except that the 
technology to be used to build phase II adds a 
a component which processes the waste product 
to extract additional energy. Because the 
component and other pieces of ancillary equip- 
ment have not been demonstrated commercially 
with shale, both Corporation and Union offi- 
cials believe that the phase II technology is 
substantially different from that used to 
build phase I. (See pp. 19 and 20.) 

ARE THERE IMPEDIMENTS TO UNION'S ACHIEVING THE 
EXPECTED ENERGY SAVINGS FROM ITS PHASE II 
TECHNOLOGY? 

Union expects to realize energy savings of 
about 25 percent, equivalent to a cost reduc- 
tion of $6 per barrel from its phase II tech- 
nology. GAO found that Union may achieve the 
expected savings if a number of technical fac- 
tors are resolved and if natural gas prices 
increase to about $5.50 per million Btu's 
(British thermal units). Until Union builds 
and operates a planned phase II test facility, 
no one really knows whether the savings could 
be achieved. (See PP. 20 and 21.) 

WILL UNION'S PHASE II TECHNOLOGY BE TRANSFER- 
ABLE TO OTHER OIL SHALE PROCESSES? -- 

The Corporation believes that at least four 
other oil shale processes should be able to 
use Union's phase 11: technology. GAO believes 
that, while there is potential for other oil 
shale processes to use Union's phase II tech- 
nolo9y, additional study would be required. 
In addition, GAO does not know the extent of 
engineering effort that would be required to 
adapt Union's technology to oil shale process- 
es with a design different from Union's. (See 
p. 21.) 
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WHAT IS THE INCENTIVE ADJUSTMENT PROVISION? ---- 

The letter outlining the phase II financial 
intentions contains an incentive adjustment 
provision-- up to $7 per barrel (the $7 is in- 
cluded in the $67 per barrel guaranteed 
price)-- if Union can successfully build and 
operate its phase II technology. The incen- 
tive is a means to encourage Union to make 
every effort to develop its phase II technol- 
ogy because of its potential 25 percent energy 
savings. This is the Corporation's first at- 
tempt with an incentive adjustment provision. 
(See pp. 21 and 22.) 

Although negotiations are still on-going for 
the phase II contract, the Corporation's Proj- 
ect Officer told GAO that tentative agreement 
has been reached whereby Union must demon- 
strate at least one half of the expected ener- 
gy savings before it will be entitled to any 
of the $7 per barrel incentive. For example, 
if one half of the expected energy savings is 
achieved, Union would receive a $3.50 per bar- 
rel incentive. On the other hand, if the to- 
tal expected savings are achieved, Union would 
get the full $7 incentive. (See p. 22.) 

WILL THE CURRENT PROBLEMS ASSOCIATED WITH 
BRINGING PHASE I ON LINE BE FULLY RECONCILED 
PRIOR TO PHASE II CONTRACT EXECUTION? 

Corporation and Union officials have tenta- 
tively agreed to a provision whereby Union 
cannot proceed with phase II until phase I has 
operated at least at 50 percent of design ca- 
pacity for 30 consecutive days. Further, 
Union plans to build and operate a facility to 
test the phase II technology before deciding 
whether to proceed. (See p. 23.) 

GAO did not obtain official comments either 
from the Corporation or Union on this report. 
GAO did, however, discuss the material pre- 
sented with numerous Corporation officials, 
including its Project Officer for Union, and 
with Union's Vice President of Budgets and 
Planning, Oil Shale Project Coordinator, and 
Manager of Planning and Marketing. Both the 
Corporation and Union offered clarifications 
to the report which were incorporated as ap- 
propriate. Corporation officials told GAO 
that the report contained no proprietary 
information. 

VI 
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CHAPTER 1 

INTRODUCTION 

Union Oil Company of California has a phased approach to con- 
vert shale to oil. Union constructed the first phase of its pro- 
gram (phase I) near the town of Parachute in Garfield County, Col- 
orado. Union built phase I using Unishale B technology (see p. 2 
for description) at a cost of about $650 million. Union now plans 
to build the second phase of its program (phase II) near its phase 
I project using a modified version of Unishale B--referred to as 
Unishale C technology (see p. 3 for description). Phase II will 
be constructed in two increments at an estimated cost of about 
$3.2 billion. The first increment (increment I) is estimated to 
cost about $1.8 billion and the second increment (increment II) 
about $1.4 billion. 

On July 29, 1981, the Department of Energy (DOE) entered into 
a contract with Union to provide up to $400 million in assistance 
for its 10,400 barrel per day phase I project.' The contract 
guarantees a minimum price of $42.50 per barrel for the project's 
product. The phase I contract includes a provision whereby Union 
would share revenues with the government should energy prices ex- 
ceed certain levels. On February 9, 1982, responsibility for all 
phase I contract rights and obligations was transferred to the 
U. S. Synthetic Fuels Corporation (the Corporation). Construction 
of phase I was completed in August 1983. As of July 1984, Union 
is in a startup mode and has not yet achieved production. 

In response to a Corporation solicitation for synthetic fuels 
projects, Union submitted a proposal to construct phase II of its 

prograT= 
On December 1, 1983, the Corporation signed a letter of 

intent with Union to award a maximum of $2.7 billion in price 
guarantee assistance3 for two 21,076 barrel per day increments of 
its phase II project. Increment I of the phase II project could 
receive $1.55 billion which may be increased by up to $400 million 
if Union uses its modified, more energy efficient Unishale C tech- 
nology. Increment II could receive up to $750 million. The let- 
ter of intent also includes a provision whereby Union would share 

'DOE awarded the phase I contract under Title III of the Defense 
Production Act of 1950, as amended (50 U.S.C. App. 2061 et seq.) - 

2A nonbinding statement documenting the financial terms negotiated 
by Corporation and Union staff. The letter also discusses the 
various conditions which Union must meet before the Corporation's 
Board of Directors will consider approving financial assistance. 

3The Corporation agrees to pay the difference between a minimum 
price per barrel and the market price if the market price is 
lower than the minimum price. The Corporation's assistance would 
be paid for the product that is sold. This differs from the 
assistance awarded by DOE to Union phase I, which pays assistance 
whether or not the product is sold. For purposes of this report, 
we will refer to both phase I and II assistance as price 
guarantees. 
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revenues (revenue sharing) with the Corporation should energy 
prices exceed certain levels (pp. 16 and 17 discusses this 
provision in detail). 

The letter of intent permits Union to build phase II using 
Unishale B if Unishale C is not technically or economically 
feasible. If Union builds phase II using Unishale B, it would be 
guaranteed at least $60 per barrel for the project's synthetic 
fuel. The guaranteed price may be increased up to $67 per barrel 
if Union uses Unishale C and achieves a specified energy savings 
(for purposes of this report, we will use $67 per barrel as the 
guaranteed amount unless otherwise noted because this is what the 
Corporation uses in its financial analyses of the project). 

DESCRIPTION OF UNION'S PROCESSES 

Shale will be mined using conventional mining techniques. 
Trucks will haul the shale to crushers where it will be crushed in 
two stages to a size suitable for the retort (equipment which 
heats the shale to produce raw shale oil and gas). The raw shale 
enters the retort from the bottom and reacts with heated natural 
gas (900° Fahrenheit) which enters the top of the retort. As the 
raw shale moves upward in the retort, raw shale oil and gas are 
produced and the retorted shale exits at the top of the retort. 
The gas generated (process gas) is separated from the raw shale 
oil, cleaned, and some is reheated in a furnace (recycle gas 
heater) that is fueled by the balance of the gas and flows back to 
heat the shale in the retort. The raw shale oil is transported by 
pipeline to an upgrading facility where it is processed into a 
synthetic crude oil. In Unishale B, the retorted shale is cooled 
and moved by conveyor belt to an enclosed chute for subsequent 
disposal. The following schematic shows this process. 

2 



Uruon Upflow Retort 

Source Umon 011 Company of Caltfornla 

In the Unishale C process, the retort will be the same as 
[Jnishale R. Unishale C will also produce raw shale oil and gas. 
Rather than disposing of the retorted shzle, it will be crushed 
and moved into a fluidized bed combustor system. The fluidized 
bed combustor system will burn the carbon retained on the retorted 
shale to (1) heat the gas coming from the retort which then flows 
back to the retort and (2) produce steam and electric power for 
other parts of the facility. The benefits of Unishale C, accord- 
ing to Corporation and Union officials, are operating cost savings 
because Unishale C would virtually eliminate the need for Union to 
use process gas to heat the retort thereby making it available for 
use in the upgrading facility. The process gas replaces about 98 
percent of the natural gas which it currently purchases for the 
upgrading facility. 

4Equipment in which the retorted shale is burned to heat the 
recirculating gas and generate steam for the facility. 

3 



OBJECTIVE, SCOPE, AND METHODOLOGY 

On December 22, 1983, the Chairman, Subcommittee on Environ- 
ment, Energy, and Natural Resources, House Committee on Government 
Operations, asked us to answer several programmatic, financial, 
technical, legal, and environmental questions on Union's oil shale 
program. Based on discussions with the Chairman's office and an 
April 23, 1984, briefing document we provided, the Chairman's of- 
fice stated that the environmental questions could be deleted from 
this report. In addition, on July 12, 1984, we responded sepa- 
rately to the legal question raised (B-202463). Therefore, this 
report addresses the programmatic, financial, and technical ques- 
tions raised. During the course of this review, the Chairman's 
office asked us to answer several other programmatic, financial, 
and technical questions. As a result, the questions we agreed to 
answer in this report are as follows: 

--What is the relationship between funding Union phase II 
and the Corporation's programmatic goals? (See ch. 2.) 

--How many oil shale projects have applied to the Corporation 
for financial assistance and what is their current status? 
(See ch. 2.) 

--Why do the phase II maximum price quarantee amounts differ 
between increment I ($1.95 billion) and increment II ($750 
million)? (See ch. 3.) 

--Why would the Corporation offer a $67 per barrel assistance 
level for Union phase II when DOE negotiated a $42.50 per 
barrel level for phase I? (See ch. 3.) 

--How does Union's $67 per barrel compare with other requests 
for financial assistance for oil shale projects? (See 
ch. 3.) 

--Will phase II assistance supplement phase I operations? 
(See ch. 3.) 

--How will phase I and phase II price guarantees affect 
Union's after-tax cash flow? (See ch. 3.) 

--What rate of return does Union expect and how does this 
compare to the petroleum industry? (See ch. 3.) 

--Is the technology to be used to build phase II sub- 
stantially different from, or is it a refinement of, the 
technology used to build phase I? (See ch. 4.) 

--Are there impediments to Union's achieving the expected 
energy savings from its phase II technology? (See ch. 4.) 

--Will Union's phase II technology be transferable to other 
oil shale processes? (See ch. 4.) 
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--What i r, the incentive adjustment provision? ( Sf'k> (~11 , 3 " ) 
and 

--W111 the current problems associated with brlnyl[lg l)ha~~‘ 1 
on line be fully reconciled prior to phase II contract 
execution? (See ch. 4.) 

To obtain information on the Corporation's programmai ic 90~11~; 
and the 011 shale projects that have applied to the Co,rt~>raf ic)ii - 
Including Union's projects --we interviewed senior official!; i11 ',.h(> 
Corporation's Offices of Finance, Projects, and Technoloq~! ,,r,fi ~,n-- 
9incering and reviewed internal and external correspondcn(qc* rt*lat - 
chd to rlnion's projects. These documents included projtict IP~o[K",- 
als and staff evaluations which were presented to the c‘or~~o~-~~ 
tion'c, Hoard of Directors concerning engineer-In9 desiqn, mandc;~m- 
mflnt structure, financing, and environmental acceptahil tty of tll~\ 
phase II project. We also reviewed (1) minutes of Board of D!?, -- 
tars' meetings, (2) press releases, (3 ) test lmony prov I dc(i t)y t h(: 
Corporation's Chairman to various congressional comrnlttc~~~~., (4) 
Corporation's annual reports, (5) Corporation's sol icitat 1:)!1:; for- 
c,ynthetlc fuels projects, and (6) information on the pha:,i> 1 ~JL’~J - 

ect transferred to the Corporation from DOE, which inrIrld.*tl 
pro]ect proposals, staff evaluations, and financial an;lly:,cb:;. 

We discussed various aspects of the projects with, (lr~rl r-t' 
viewed documents provided by, senior officials of Unlon Oil, i 11'- 
cludlnq the Vice President of Budgets and Planning, the Oil Sh,l?r- 
Project Coordinator, the Manager of Planning and Markcat Lny, and 

the Environmental Coordinator. We also visited Union's ~)1l~i~;~~ I 
prolect site in Parachute, Colorado. 

To assess the phase I and II economics and determLrl+ I):,: IHI 
pact of the Corporation's price guarantees on the economj' ~v~~;~t,~l-- 
ity of the project, expected rates of return, and the srntt~rrlt of 
equity tJnion would have at risk and/or realize from the:::: ~~I~~J - 
ects, we reviewed 45 different computer runs prepared b)y the Cor- 
poration which assessed the projects’ flnancial/economlc v~at,~l-- 
1ty. Of these 45 computer runs, 1 analyzed the phase J Sc.onornLrc,, 
40 analyzed phase II's economic viability using a $67 ]Jf’I- t)drreI 
price yuarantee, 3 analyzed phase II with no Corporation ,ic,i~st- 
ante, and 1 analyzed phase II using a $75 per barrel prlcr? 
guarantee. 

We concentrated our efEorts on the 40 phase 11 nndly:;r~r, wrllch 
used a $67 per barrel price guarantee. Of these 40 anaLysc*r,, 17 
dealt with increment I, 7 with increment II, and 16 with botn 
Increments. These runs analyzed a variety of factors s~lcl-1 l-~:, tht: 
average costs and revenues, expected costs and revenues, const I-UC’-- 
tlon cost estimates and production efficlencles provided hy 11nion, 
and the Corporation’s engineering estimates for costs and 
productlon efflclencies. 

After reviewing the 40 phase II analyses, we identified tflcjc;tl 
which represented the financial terms agreed to by the CorF)orat~on 
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<lnd Union 1n the 1 (Atter of Intent. We used these analyses to dls- 
(‘II’,‘, the ec.onomlc viability of the phase 11 project. We #Ised the 
('or pc)rilt-ion's slnqle analysis of phase I to discuss that project's 
c~c-or101n i c- v1ah111ty. 

Wr. r('vl~bwtbd selected components of the Corporation's computer 
~nc)tl~~l to rlr~term I nc llow it integrates the data and the specific as- 
5Iirnpt ions 119cd ( including tax assumptions). These components were 
t \I(, one<, wtl i ch compute operating revenues, orice quarantee 
,imount-5, and opcratinq and maintenance costs. For these compon- 
f'll t 0, we follncl that the computer model logically integrates the 
(lat ,i and t-!lt> assumptions used were not unreasonable. 

Wr also wanted to determine the sensitivity of the phase TI 
rtcvonornl c‘s to changing energy prices, cost overruns, and expected 
pl(lnt opf5ratinq efficiencies. Because of this, the Corporation 
(levcloped 18 additional computer runs incorporating various as- 
(;ilmptlons with respect to capital costs, plant performance, and 
cinclryy prices which we provided. The Corporation conducted these 
c-in-llyc;es ll:,ing a $67 per barrel price guarantee to be consistent 
w1t.t) the other analyses of phase II's economic viability. We 
lirnitrad our analysis to phase II since, as mentioned above, the 
C‘orporation provided only one analysis of phase I's economics. 

We also compared Union's rates of return with returns for the 
pc*troleum industry from the Statistical Abstract of the United 
St ate:;. We selected this industry because its output is similar 
t 0 (InIon's projects. 

To asc,ist us in addressing the technical questions raised and 
,ii;:,f'!:c; certain technical issues such as (1) the differences be- 
tween IJnlshale B and Unishale C, (2) Union's claim for certain 
ran+tr(~v cf ficiencies of Unishale C, and (3) the transferabilitv of 
I IIf, Ilrlidizcd bed combustor to other oil shale technologies, we 
11 1 r e(1 ri consultant with a background in the design and assessment 
( ) f- ml jar cnerqy systems. The consultant is also familiar with the 
5~J~pllcntion of shale in an industrial environment both as an ener- 
:Jy c;c)urce and as a raw material and has studied the potential uses 
of shale in the United States. The consultant used information 
f-rom the Corporation, Colorado School of Mines, Office of Technol- 
oqy A ssessment , and other publicly available information concern- 
I nq IJnl on ' s processes and on oil shale technologies in general. 

As requested by the Chairman's office, we did not obtain of- 
t i ci,11 comments on this report either from the Corporation or 
Ilnion offi(ylals. We did, however, discuss the material presented 
wItI1 numerous Corporation officials, including the Project Officer 
IoJ JJn1of-i':; projects, and [Jnion's Vice President of Budgets and 
i)l dnn I ng , Oil. Shale Project Coordinator, and Manager of Planning 
,inti Marketing. These officials offered clarifications in specific 
(1 rf'il Y ,, We incorporated these suggested changes as appropriate. 
('o!J)c)t.dtion officials told us that the report contains no 
J)roJ)rlctary information. 

C)Jlr review was conducted between January and July 1984 and in 
,icycordance with generally accepted government auditing standards, 
f~xc-f~~~t as notfd above. 
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CHAPTER 2 - 

WHAT IS THE RELATIONSHIP BETWEEN FUNDING 

UNION PHASE II AND THE CORPORATION'S PROGRAMMATIC GOALS? 

The Energy Security Act of 1980 (Public Law 96-294) created 
the Corporation to provide financial assistance for synthetic 
fuels projects. The act set national synthetic fuel production 
goals of 500,000 barrels of crude oil equivalent per day for 1987 
and 2 mlllion barrels per day for 1992. The act also requires the 
Corporation to use the financial assistance to develop technical 
dlver:,ity of processes, methods, and techniques for each domestic 
resource which offers 

1 
1) significant potential for use as a syn- 

thetic fuels feedstock and (2) potential for achieving the 
national synthetic fuels production goals. 

To accomplish these goals, the Department of the Interior and 
Related Agencies Appropriations Act of 1980 (Public Law 96-126) 
and the Supplemental Appropriations and Rescissions Act of 1980 
(Public Law 96-304) provided a total of $17.7 billion which could 
be obligated for commercial synthetic fuels projects. Of these 
funds, $12.2 billion was provided for the Corporation's activi- 
ties, and the remaining $5.5 billion ($300 million was rescinded 
in June 1981) was provided to DOE to finance an interim alterna- 
tive fuels program. As a result of DOE's funding three projects 
and transferring its remaining funds to the Corporation, the Cor- 
poration was authorized to commit about $14.8 billion to assist 
synthetic fuels projects.* 

The Corporation has attempted to foster both the production 
and diversity goals of the act. However, as a result of a decline 
in world oil prices and after evaluating the status of the syn- 
thetic fuels industry and the pessimistic economics of synthetic 
fuels development, on February 16, 1982, the Corporation's Board 
of Directors recognized the difficulty of meeting the act's pro- 
ductlon goals and adopted a strategy to place increased emphasis 
on diversity. The strategy stated that the Corporation would be 
prepared to trade off "some" near-term production to enhance tech- 
nological diversity and improve the synthetic fuels industry's 
capability for expansion and long-term production. To implement 
this objective, the Board in July 1982, established funding levels 
to accomplish the diversity goal adopted in February 1982. Since 
July 1982, these funding levels have changed several times. The 
following table shows the dollar amounts that the Board would 
have been willing to commit to each resource and the date the 
levels were established. 

lThe raw material--coal, oil shale, and tar sands/heavy oil--used 
in the synthetic fuels project. 

*In June 1984, the Deficit Reduction Act (Public Law 98-369), in 
effect, reduced the Corporation's obligational authority to $13.9 
billion. 
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Resource 
July February February April 
1982 1983 1984 1984 

----------------billions------------------ 

Coal $6.0 $6.0 $4.95 $5.0 
Oil shale 3.0 4.8 4.94 4.94 
Tar sands/ 

heavy oil 1 .o 1 .o .95 1 .l 
Other a a 3.93b 3.7b 

aNo decision was made by the Board on the use of the remaining 
appropriated funds. 

bAdditional projects using coal, shale, and tar sands/heavy oil as 
a resource and a reserve for contingency. 

The Corporation has solicited and received proposals for nu- 
merous oil shale projects. Since March 1981, 24 different oil 
shale projects-- including Union phase I and Colony3--have re- 
sponded to the Corporation's solicitations for financial assist- 
ance. However, as of July 1984,4 Union phase I is the only oil 
shale project of the 24 which has been guaranteed financial 
assistance-- up to $400 million in price guarantees. 

As of July 1984, sponsors of eight other oil shale projects 
were involved in evaluations or negotiations with the Corpora- 
tion. Of the remaining 15 projects, 2 withdrew primarily for 
economic reasons and the other 13 were eliminated because their 
sponsors were unable to meet the Corporation's evaluation criteria 
for such things as design, management structure, financing, and 
environmental acceptability. Appendix I lists the 24 projects, 
their sponsors, the technologies proposed, their status, and, if 
such status is inactive, the reason they are no longer in 
competition for Corporation funding. 

The 24 projects were sponsored by at least 39 different com- 
panies and represent 16 different technologies. These technolo- 
gies are in varying degrees of development. Union's technologies 
were planned for use in 4 of the 24 projects. Four other oil 
shale technologies were planned for two projects each. 

The Corporation planned to award all of the $4.94 billion in 
financial assistance targeted as of April 1984 for oil shale 

3The Colony Oil Shale project also had a contract with DOE--a 
$1.2 billion loan guarantee. On February 9, 1982, responsibility 
for this contract was transferred to the Corporation. However, 
in June 1982, the sponsors abandoned the project and repaid the 
monies borrowed. 

40n April 27, 1984, one member of the Corporation's Board of 
Directors resigned, leaving the Board without a quorum. As a 
result, no action has been taken on financial assistance awards 
since that time. 
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(IlJvelopment to the Union phase II ($2.7 billion), Cathedral Bluffs 
($2.19 billion), and Seep Ridge ($0.045 billion) projects. Some 
(Jl the other five oil shale projects could receive assistance from 
the $3.7 billion not currently targeted for any specific re- 
:;ource. however, these plans may be affected by various congres- 
sional proposals to rescind up to $11 billion of the Corporation's 
rrdmaining unobligated funds.5 As of July 20, 1984, the Congress 
had not acted on these legislative proposals. 

The Corporation believes that its program to fund Union, Ca- 
thedral Bluffs, and Seep Ridge meets the act's diversity and pro- 
duction goals. Corporation officials stated that these three 
projects use different technologies, different mining techniques, 
and different grades of shale. They also pointed out that Union 
is the largest contributor to the act's production goals of any 
project being considered for financial assistance. 

Both Union phase II and Cathedral Bluffs use Union's technol- 
ogies (although Cathedral Bluffs uses it in combination with an- 
other technology). These two projects could receive about $4.9 
billion of the $4.94 billion targeted for oil shale development. 
However, the five other projects being considered by the Corpora- 
tion for financial assistance use technologies different from 
Union's. According to Corporation officials, these projects could 
provide the the Corporation a wider range of diversity if it were 
feasible to award financial assistance to some of them. 

5This would be in addition to the legislation already passed to 
reduce the Corporation's obligational authority to $13.9 billion. 
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QUESTIONS CONCERNING FINANCIAI, ASSISTANCE --- --~ __ -- -_-- 

The Chairman asked several question:, concerning the financi,ji 
assistance offered Union by the Corporation for phase II and the 
assistance provided by the phase T contract. Thcb Chairman also 
wanted to know the effect of both a ssistance packages on the 
money Union would have at risk and the money it could expect to 
realize after taxes; the rates of return Union could expect from 
1ts investment; the net effect to the government of price support 
payments and revenue sharing; and the sensitivity of phase II's 
economics to changing energy prices, cost overruns, and different 
plant operating efficiencies. A discussion of these questions and 
our findings follow. 

WHY DO THE PHASE II MAXIMUM PRICE GUARANTEE AMOUNTS 
DIFFER BETWEEN INCREMENT I ($1.95 BILLION) AND 
INCREMENT II ($750 MILLION)? -- -- 

Phase II will be built in two increments. The phase II let- 
ter of Intent states that the price guarantee for increment I is 
$1.55 billion, which may be increased by up to $400 million if 
Union uses Unlshale C. Increment II could receive a maximum of 
$750 million. 

According to the Corporation's Project Officer for Union, 
there are two reasons for a larger price guarantee for incre- 
ment I. First, estimated construction costs are higher for 
increment I--$1.8 billion versus $1.4 billion for increment 
II --because certain facilities will be shared by both: for 
example, roads, shale disposal facilities, and electric power 
lines. The costs for these shared facilities--about $477 
million--will be paid during construction of increment I. The 
Project Officer also told us that the Corporation conducted a 
line-by-line analysis of Union's data and found that Union did not 
include these costs in the costs for increment II. 

Secondly, oil production for increments I and II is projected 
to start in December 1989 and December 1992, respectively. The 
Corporation, conssdering both the effect of inflation and the real 
change in petroleum prices, assumed that energy prices would in- 
crease during the price guarantee period by 7.5 perc*ent per year 
after 1989. For example, the projected price in 1989 would be 
about $48 per barrel but in 1992-- the first year of increment II's 
operation--the projected price would be about $58 per barrel. As 
a result of these estimatcld increases, the difference between 
energy prices and the CorporatJon's guaranteed price of $67 per 
barrel would be less. Therefore, the Corporation determined that 
the lower amount of acqsistance for increment II would provide 
Union with approximately the same rate of return as the return for 
increment I. 
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WHY WOULD THE CORPORATION OFFER A $67 PER BARREL --- -----_- --___- - - -- - _-_- -- 
ASSISTANCE LEVEL FOR UNION PHASF II WHEN DOE - -- 
NliGOTIATED A $ 

-- “-.- - ------ _- 
42. 50 PER BARItI;I~ LEVEL FOH PHASE I? --_--- -- -_I- _-_- __- --_------ ---- - 

According to DOE documentation, the $42.50 per barrel was a 
composite price derived from the market prlcc of 30 percent jet 
fuel (JP-4) and 70 percent diesel f-uel. DOE selected these two 
products in deriving the $42.50 pet- barrel level because the 
phase I contract provides that. Union would sell to the Department. 
of Defense 33 million barrels of or1 of which 30 percent would be 
.JP-4 and 70 percent would be diesel tuel. The $42.50 per barrel 
is adjusted quarterly based on a combination of two factors: 75 
percent of the Gross National Product price deflator and 25 per- 
cent of the national average price that electric utilities pay for 
natural gas (natural gas index). As a result of these adjust- 
ments, the $42.50 per barrel price support amount in June 1984 is 
about $48 per barrel. Since the June 1984 weighted average price 
of JP-4 and diesel fuel 1s about $34 per barrel, Union would have 
been entitled to a support payment of around $14 per barrel at 
that time. 

Unlike the phase I contract, the phase II price support level 
does not relate the price support amount to refined products. 
Corporation officials told us that the phase II support is based 
on its assessment of the minimal subsidy which the Corporation 
believes is necessary to induce Union to initiate the project. 

In response to a Corporation solicitation for synthetic fuels 
projects, Union submitted a proposal for one 21,076 barrel per day 
phase 11 facility and requested $2.6 billion in assistance with 
a $65 per barrel price guarantee. The Corporation evaluated 
Union's proposal and subsequently negotiated a $60 per barrel 
price guarantee plus a $7 per barrel incentive for two 21,076 bar- 
rel per day facilities. The Project Officer told us that the Cor- 
poratlon, when evaluating Union's phase II proposal, conducted 
sensitivity analyses and developed an assistance structure which 
the Corporation believed would provide Union a "reasonable" return 
on its investment while providing the Corporation with protection 
to recover a "significant" amount of the outlays through the 
revenue sharing provisions negotiated. 

In addition, the index used to adjust the $67 per barrel 
price guarantee for phase II differs from that used in the phase I 
contract. The phase II letter states that the $67 per barrel will 
be adlusted monthly by the Producer Price Index for Finished Con- 
sumer Goods, Excluding Food (nonseasonally adjusted). If the pro- 
ducer price index increases at a 5.5 percent rate (the rate the 
Corporation expects the Producer Price to increase), the $67 per 
barrel could be about $92 per barrel In December 1989 when incre- 
ment I is scheduled to begin production. Since the Corporation 
estimated that the market price for the phase II product would be 
about $48 per barrel in December 1989, Union would receive a 
support payment of about $44 per barrel at that time. 

Union officials told us that the $67 per barrel price guaran- 
tee provides approximately the same financial return as the $42.50 
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per barrel price guarantee for phase I when consldcriny ttl(L t ~:r~cb 
vnluc of money, inflation, and increased construction, o~I(~I-~II- : ng I 
~lnll ma intenancc costs. While Corporation documentation :,lnow:, tll,it 
Unron had expected about a 20 percent averaye annual r(!tt: of I* ( 
tlltn for :)hase I ln July 1981, the Corporation'c April 1983 (mor(r 
rc*c,ent data on phase I is not available) analysis of the phasr-a I 
c.c:onom its showed that the average annual, after-tax rclte of r-f:tt~rn 
c~~r~ld be 13.9 percent. The Corporation's January 1984 dndly:;+?s of 
ttrt1 I)hase II economics showed that the projected average cinnu,ll 
after-tax rate of return for phase II increment I and for 
increments I and II combined is 20.6 percent.' 

HOW DOES UNION'S $67 PER BARREL COMPARE WITH OTHER --- 
REQUESTS FORIINANCIAL ASSISTANCE FOR OIL SHALE PROJECTS? _--_-- __-_~ - -.___-. 

As noted earlier, there are three oil shale project<, tif\l1~,11 
could receive the $4.94 billion targeted by the Corpordtirirn f‘or 
011 shale development. Information on the financial term:, of the 
other five projects under consideration is not available t1111il tklrA 

Corporation completes negotiations with the projects' spo~~:,ori. 
The following table compares the per barrel amounts propo(;ed f-or 
the three projects. 

Project 

Estimated Proposed Typt: of 
production guarantee as:;i:;tance 

(Barrels per day) price requested __I ~-_I 

Union phase II 42,152 $67.00 Price> 
guarantee 

Cathedral Bluffs 14,100 $60.00 Loan anIl 
pr 1 cc* 
yuarantee 

Seep Ridge 1,000 $42.50 Loan and 
price 
gust-antcc 

According to the Corporation's Project Officer for Uniorl, the 
differences in price per barrel resulted from negotiations related 
to the specific characteristics of each project and the amount 
needed to assure the sponsors a "reasonable" rate of return. 
These characteristics include construction costs, plant SIXC, 
quantity of output expected, operating economies, degree of NISI- 
turity of the technology, financial structure of the project, the 
type of assistance requested, and profit or revenue sharing 
negotiated. 

For these reasons, this official stated that price ql~at ;jrlt<df 
amounts will differ among projects. For example, the Corpor-at ion 
of’fered Cathedral Dluffs a lower price per barrel t-han llnkor~ a', a 
result of the above factors. Seep Ridge was offered a lower pr ice> 
per barrel than Union because, in addltlon to these factors, it 
--- 
‘Analyses use nominal rates of return which are based on currF>nt 
year dollars and consider the impact of inflation. 
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doe? not plan to have a facility to upgrade the oil it produces. 
As ii result, Seep Ridge's product will be of a lesser value than 
that produced by Union. 

WILL PHASE II ASSISTANCE SUPPLEMENT _----- -- - -..-_...--v----e--.-.. 
PHASE I OPERATIONS? - ----__-- 

In the phase II financial information, there were no dollar 
amounts specifically targeted to supplement phase I operations. 
In addition, the Corporation's Project Officer for Union told us 
that the Corporation did not identify any funds targeted for 
phase I operations in its review of phase II costs. However, 
neither the phase I contract nor the phase II letter of intent 
restrict how Union uses the price support payments it receives. 

The phase I contract limits the amount of assistance Union 
could receive to $400 million. The payment is limited to the per- 
lad beginning in July 1983 and ending on the earlier of (1) June 
30, 1990 or (2) the date Union reaches 20 million barrels of syn- 
thetic fuels production. However, price support payments are not 
made until Union has produced a synthetic fuel which, as of 
July 20, 1984, has not occurred. Union is currently in its 
startup mode and neither Union nor Corporation officials could 
estimate when phase I would achieve sustained operations. 

Since Union did not begin production in July 1983, it may not 
reach the 20 million barrels by June 30, 1990, and, therefore, may 
not receive the full $400 million in assistance. It may also not 
receive the full $400 million if the price differential remains at 
about $14 per barrel of oil (see p. 11). For example, if Union 
produces 20 million barrels by June 1990 but the differential pay- 
ment remains around $14, Union would collect $280 million (20 mil- 
lion barrels @ $14 per barrel) of the $400 million agreed upon 
price support. If Union needs additional funds to supplement 
phase I, it could use, according to Corporation officials, any 
funds it has available. 

However, according to the phase II letter of intent, IJnion 
cannot use phase I production to claim reimbursement for 
phase II. According to Corporation officials, the two phases of 
the IJnion project are viewed separately. They also said that the 
design of the two projects--different mine, mountain, pipeline, 
and metering system-- should provide for adequate monitoring and 
assurances that phase I production cannot be comingled with 
phase II production for purposes of calculating the price support 
payments. They further stated that provisions in the phase I con- 
tract and the proposed phase II contract2 allow the Corporation 
to conduct onsite visits, reviews, audits, and testing to verify 
the amount and source of the oil on which Union would claim price 
support payments. 

--__--_-__--- 
2Since December 1, 1983, the Corporation and Union have been 

working on a draft contract for phase II. Since the contract is 
in draft, the Corporation did not provide it for our review. 
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HOW WTr,L PHASE I AND PHASE II PRICE GUARANTF,k;S 
A$$r&jYJj -il~-I-~~s--AFrER-TAXCAS--~~~w~ ~- -_I_-- 
-----_- - _ -_-- - ---~_~-- -__-- 

The Chairman's office asked us to concentrate our review of 
the (lconomic viability of the phase I and phase IT projects to 
five factors: the potential tax effects; the investment that 
IJnion would have at risk and/or expect to realize after taxes; 
rate of return CJnion could expect from Its investment and how such 
rates compare to returns for the petroleum industry: the effect on 
the government of the payment of price supports and possible reve- 
nue sharing; and the sensitivity of phase II's economics to chanq- 
ing energy prices, cost overruns, and different plant operating 
efficiencies. The following sections discuss each of these five 
factors. 

Tax effects ----- - 

Tax credits and benefits are available to the phase I and II 
projects. According to Union's Vice President of Budgets and 
Planning, llnion expects to take all such credits and benefits in 
the year they are available. The types of tax credits and bene- 
fits avallable are investment tax credi s (ITC), energy tax cred- 
its (ET?), production tax credits (PTC) 5 and a depletion 
allowance for extracting a nonrenewable resource--shale. 

The Corporation's analyses of Union's phase I and II projects 
estimated the value of tax effects as follows. 

Tax effectsa 

Phase ITC ETC 
Depletion 

PTC allowance 

------millions of current dollars----- 

Phase Ib $ 58.7 $ 31.3 $ 93.0 $ 328.1 

Phase II 
increment I only 
increment I and 

II combined 

211.7 125.9 98.2 1635.9 

401.8 175.8 147.0 3393.9 

aITC and ETC accrue during construction and PTC during the period 
1993 throuqh 2000. Depletion allowance can be taken over the 
life of the project. 

bBas~d on data Union provided DOE In 1981 and incorporated into 
the Corporation's computer model in April 1983. The Corporation 
could not provide a more recent analysis of the phase I 
economics. 

-- - - - ----_ _- 
both phase T and phase II are eligible for production tax credits 
after energy tax credits have been offset if Union can meet 
certain milestones necessary to take advantage of these credits: 
for example, start of production by January 1, 1990. 
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Investment _- _ ---_-- -- 

After taking the above tax effects into consideration, Cor- 
poration documents showed that the phase I and phase II economics 
would be favorable after the year 2000. However, Union would be 
in a nega 

li 
ive cash flow position during the early years of both 

projects. 

For phase I, the discounted present value5 of Union's cumu- 
lative after-tax cash flow through the year 2010 could be as high 
as $252 million.6 However, it will take Union 16 years from the 
start of construction to experience a positive cumulative cash 
flow from phase I. During the lowest point of these 16 years, 
Union would have about $585 million invested in the project. 

For phase II increment I, the discounted present value of 
Union's cumulative after-tax cash flow through the year 2020 could 
be as much as $1.3 billion.' However, it will take Union 10 
years from the start of construction to achieve a positive 
cumulative cash flow from increment I. At the lowest point during 
these 10 years, the maximum cumulative amount Union would have 
invested would be about $1.1 billion. For increments I and IT 
combined, the discounted present value of Union's cumulative 
after-tax cash flow could be as much as $2.3 billion through the 
year 2020. However, it would take Union 11 years from the start 
of! construction to achieve a positive cumulative cash flow, At 
the lowest point during these 11 years, the maximum cumulative 
amount Union would have invested would be about $1.2 billion, 

Internal rates of return 

The after-tax internal rate of return Union could expect from 
the cash flows described above are shown in the following table. 

___-__---_---_--- 
4The Corporation's analyses of the projects' economics use current 

year dollars which do not correct for inflation. Since GAO 
normally analyzes long-term economic impacts based on constant 
dollars, we calculated, based on the Corporation's data, the 
economic impacts based on constant dollars. The investment 
discussion is based on a constant year dollar analysis. 

5The technique to determine the amount of money which, if invested 
today at a selected interest rate, would be sufficient to meet 
expected future costs. We used a 10 percent discount rate which 
approximated the government's long-term cost of borrowing at the 
time these analyses were conducted. 

6The Corporation's year-by-year and cumulative analyses of the 
phase I economics stop with the year 2010. 

7As with the phase I economics, the Corporation's year-by-year and 
cumulative analyses of the phase II economics stop with the year 
2010. However, for phase II the Corporation provided us addi- 
tional information which allowed us to calculate the cumulative 
after-tax cash flow through the year 2020. 
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Phase 
Internal 

rate of return 
(current dollars) 

----percent--- 

Phase I 13.9 

Phase II 
increment I only 
increment I and II 

combined 

20.6 

20.6 

The above internal rates of return are nominal rates based on 
a current year dollar analysis. If constant dollars are used, the 
internal rates of return for phase I would be 8.5 percent and for 
both phase II increment I, and increments I and II combined about 
14 percent. The constant dollar results are, in effect the real 
(adjusted for inflation) after-tax internal rates of return. 

We also compared Union's internal rates of return with the 
average return on investment for major petroleum companies for 
five sample years. The following table shows these returns. 

Year Rates of return 
(current dollars) 

----percent---- 

1970 8.3 
1975 10.0 
1980 17.0 
1981 10.4 
1982 8.6 

The effects of revenue sharing 
on price guarantee payments 

Both the phase I contract and the phase II letter of intent 
include provisions whereby Union would share revenues with the 
Corporation should energy prices exceed certain limits (revenue 
sharing). In the phase I contract, Union's obligation to share 
revenues with the Corporation begins and ends at the same time as 
the Corporation's obligation for price support payments--July 1983 
through June 1990. The revenue sharing provision does not become 
applicable until the weighted average price of JP-4 and diesel 
fuel exceeds by 25 percent the $42.50 per barrel adjusted. The 
Corporation's analysis does not anticipate any revenue sharing 
under the phase I contract. 

Unlike the phase I contract where the revenue sharing period 
is the same as the price guarantee period, the phase II letter of 
intent states that the revenue sharing period would extend beyond 
the price guarantee period. Union could be obligated to share 
revenues with the Corporation for a period of 16 years after the 
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date of initial production for increment I (estimated to be:, 
December 1989) If the market price of phase II's synthetic fuel 
product exceeds the following levels: 

Market price 
per barrel Revenue sharing 

(1983 dollars) Corporation Union 

-------percent--.---- 

During price guarantee 
period $67.01 and over 70 30 

After price guarantee 
period $31.00 - $32.55 0 100 

$32.56 - $45.00 50 50 
$45.01 and over 70 30 

For example, for every dollar that the market price of phase 
II's synthetic fuel product exceeds $67.01 during the price guar- 
antee period, the Corporation would receive $.70 and Union, $.30. 
After the price guarantee period, if the price is between $31 and 
S32.55, the Corporation would receive nothing. For every dollar 
above the $45.01 level, the Corporation would receive $.70. 

Although revenue sharing could start in December 1989, the 
Corporation's analysis for phase II increment I estimates that the 
$1.95 billion in price guarantee assistance would be paid duriny a 
7-year period and, for the next 9 years, 
visions would become applicable. 

the revenue sharing pro- 
For increment I, Union would not 

pay back the entire $1.95 billion. 
about $1.55 billion. 

It would pay the Corporation 
For both phase II increments, the Corpora- 

tion estimates that Union would receive the entire $2.7 billion 
guaranteed between 1989 and 1995. Then, 
gin, 

revenue sharing would be- 
and over the remaining 9 years of the revenue sharing period, 

the Corporation would receive $445 million more than the $2.7 bil- 
lion it paid out. The Corporation's analyses of revenue payments 
made or received are not discounted to reflect the fact that these 
payments occur at different periods of time. The payments made 
and received should not be compared to each other without some 
adjustments to reflect timing differences. 

Sensitivity of phase II economics 

We found that phase II's economic viability varies somewhat 
when energy prices, plant operating efficiencies, and costs are 
changed from those used by the Corporation. The followinq table 
compares the after-tax nominal internal rates of return projected 
for increment I and for increments I and II combined shown in the 
table on page 16 to the internal rates of return that could be 
expected if the plant operates below the efficiency that the 
Corporation expects (92 percent), if costs exceed projections by 

17 



50 percent, and if energ 
8 

prices are lower or hiqher than those 
used by the Corporation. 

Increment I Increments I and II 
(current dollars) 

-------------percent-------------- 

Base Case 20.6 20.6 

60% plant efficiency 15.2 15.7 
80% plant efficiency 18.5 18.9 
50% cost overrun 15.2 15.7 
low energy prices 18.9 18.8 
high energy prices 21.3 22.0 

Even varying these factors, however, phase II's internal rate of 
return is within the range that the Corporation believes to be 
reasonable to encourage sponsors to initiate a synthetic fuels 
project. 

---- -- -- 
8The Corporation estimated that energy prices between 1981 and 

2010 would range from $36 per barrel to $219 per barrel. The low 
energy prices we used ranged from $37 per barrel to $143 per bar- 
rel and the high, from $37 per barrel to $301 per barrel. The 
year-by-year prices we used were based on the pessimistic and op- 
timistic forecasts of an econometric forecasting firm--Data 
Resources Incorporated. 
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CHAPTER 4 

QUESTIONS CONCERNING UNION'S PHASE I AND 

PHASE II TECHNOLOGIES __________- 

The Chairman asked several questions concerning Union's 
phase I and phase II technologies and the effect of phase I's 
technical problems on contract execution for phase II. A discus- 
sion of these questions and our findings follow. 

IS THE TECHNOLOGY TO BE USED TO BUILD PHASE II 
SUBSTANTIALLY DIFFERENT FROM OR IS IT A REFINEMENT -L-- 
&, THE TECHNOLOGY TO BE USED TO BUILD PHASE I? ___-- 

Union built its phase I oil shale project using Unishale B 
technology and plans to use Unishale C for its phase II project. 
Unishale B and C are the same from mining through the retort. The 
equipment beyond the retort for phase II, according to Corporation 
officials, is substantially different and allows Union to extract 
energy --in the form of carbon-- from the retorted shale (see pp. 2 
and 3 for a description of these processes). 

This energy extraction would take place in a fluidized bed 
combustor. The energy obtained from the retorted shale in the 
fluidized bed combustor will be used to heat the recirculating re- 
tort gas and to produce steam and electric power for other parts 
of the facility. Since the process gas is no longer required to 
heat the recirculating gas, it will be transported by pipeline to 
the upgrading facility where it replaces about 98 percent of the 
natural gas which is currently purchased for the upgrading facil- 
ity. Union claims that the Unishale C process would result in op- 
erating cost savings of about 25 percent or $6 per barrel over 
Unishale B. The Corporation's Senior Vice President for Projects 
told us that, if Urrion is successful in demonstrating these 
savings, this could encourage further oil shale development in the 
United States. 

In the United States, coal traditionally has been used in 
fluidized bed combustors. Corporation officials told us that the 
commercial viability of the fluidized bed combustor and other 
equipment associated with it have not been demonstrated with 
shale. This equipment includes a high temperature, pressurized 
crusher, a "dusty" gas heat exchanger (equipment which extracts 
heat from "dirty" gas), and fluidized bed coolers (equipment which 
cools the spent shale leaving the fluidized bed combustor and 
produces steam). 

Recause this equipment has not been demonstrated commercial- 
ly with shale, Union plans to test the fluidized bed combustor 
system in a test facility, costing between $25 million and $50 
million, that will process about 400 tons per day of retorted 
shale. Union plans to build the test facility adjacent to the 
phase I retort. According to Corporation officials, the current 
draft of the phase II contract states that Union will not start 
constructing the test facility until after phase I operates at 50 
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percent of design capacity for 30 consecutive days. (Jnion offi- 
cials estimate it will then take at least 18 months to complete, 
operate, and evaluate the test data. After that time, Union 
officials stated that it will have the information necessary to 
decide to build phase II using Unishale C, to build it using 
Unishale B, or not build it at all. 

Because the Unishale C system has not been demonstrated com- 
mercially, both Corporation and Union officials stated that they 
view Unishale C as a substantially different technology. Corpora- 
tion officials also pointed out that the equipment to process the 
retorted shale is almost totally different from Unishale B, has 
never been used with shale before, and represents significant 
technical risk. 

ARE THERE IMPEDIMENTS TO UNION'S ACHIEVING 
THE EXPECTED ENERGY SAVINGS FROM 
ITS PHASE II TECHNOLOGY? 

Using Corporation data for the projected energy consumption 
for Unishale B and C, we found that the $6 per barrel savings are 
possible if: 

--the fluidized bed combustor can (1) reach the same heat 
transfer efficiencies as the gas-fired heat exchanger and 
(2) maintain combustion of the retorted shale without 
adding other fuel, 

--the carbon content in the retorted shale is at least 3 
percent, and 

--natural gas 
7 

rices increase beyond their present levels 
(about $4.29 per million Btu's2 in 1983 for industrial 
users). 

We found, for example, that if the carbon content on the re- 
torted shale is 3 percent, gas prices would have to be about $6.40 
per million Btu's for Union to realize the $6 per barrel savings. 
If the carbon content is 4 percent, gas prices would have to be 
about $4.80 per million Btu's for Union to achieve the savings. 

Union officials maintain that the carbon content on the re- 
torted shale is at least 4 percent. In addition, the Energy In- 
formation Administration estimates that natural gas prices in 
1989-- the estimated start of production for phase II--will be 
about $5.50 per million Btu's. Therefore, if the carbon content 
is 4 percent and if natural gas prices reach $5.50 as projected, 
Union could realize the expected energy savings from Unishale C if 

-- 
'From Energy Information Administration's Annual Energy Outlook, 

1983. 

2A British thermal unit (Btu) is the amount of energy necessary to 
raise the temperature of 1 pound of water 1 degree Fahrenheit at 
or near its point of maximum density. 
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the technology works as planned. However, the equipment efficien- 
cy and stability of combustion of the fluidized bed combustor sys- 
tem will not be known until Union tests it. Further, it is dif- 
flcult to know whether the appropriate combination of factors 
cited above (equipment efficiency, stability of combustion, carbon 
content on the retorted shale, and price of natural gas) will 
occur. As a result, the savings expected may not be achieved, may 
be marginal, or may exceed Union's expectations. 

Corporation officials are confident, based on their review of 
Tlnion's engineering plans for the fluidized bed combustor system, 
that Unishale C could achieve the expected energy savings. They 
Ijointed out, however, that no one will really know until Union 
bui Ids and operates the Unishale C test facility, 

WILL UNION'S PHASE II TECHNOLOGY BE TRANSFERABLE 
TO OTHER OIL SHALE PROCESSES? 

Corporation officials believe that, if Union is successful in 
demonstrating the energy efficiencies of its Unishale C technol- 
09Yl it could encourage greater development of a domestic oil 
shale industry. This assumes that Union's fluidized bed technol- 
ogy is transferable to other retort technologies. 

According to the Project Officer for Union, the Corporation 
has not made a study to determine the transferability of Union's 
fluidized bed technology to other retorts. He did, however, iden- 
tify four surface retorts--Paraho (indirect), Dravo, Petrosix, and 
Tosco3 --which should be able to use it, although some modifica- 
tions could be necessary. The assumptions he used in making this 
determination were that all these retorts (1) must purchase energy 
to operate their facilities, (2) have a heat exchanger in one form 
or another, and (3) produce a retorted shale which has sufficient 
carbon content remaining to produce a useful energy product such 
as electricity or steam. 

Our review showed that there is potential for other surface 
retorts to use Union's fluidized bed combustion system although 
further study would be required. For other retorts to use Ilnion's 
technology, they must produce a retorted shale with at least 3 
percent carbon content and must have other technical factors siml- 
lar to those expected from Union's process. These factors include 
(1) the rate at which gas flows into the retort, (2) the tempera- 
ture of the gas when it enters the retort, and (3) the heating 
value of the retorted shale. We do not know, however, the extent 
of engineering effort that would be required to adapt Union's 
fluidized bed combustor system to retorts with a design different 
than Union's. 

WHAT IS THE INCENTIVE ADJUSTMENT PROVISION? 

The Corporation's letter of intent with Union contains a $7 
per barrel incentive adjustment provision in the $67 per barrel 
___~ 
3Various oil shale processes 

developed them. 
named for the companies which 
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guaranteed price if Union can successfully demonstrate, build, and 
efficiently operate its Unishale C technology. Union would r-e- 
celve $60 per barrel if it builds phase II with its Unishalc R de- 
sign or if specified economics will not be realized with 
Unishale C. 

According to the Corporation's Project Officer for Unwon, the 
draft of the phase II contract includes a provision whereby Union 
must demonstrate during an "acceptance test" period that tile pro-~- 
ect will realize at least one half (equivalent to $3 per barrel) 
of the energy savinqs expected from the fluidized hed combustor. 
The acceptance test-period will be for a "number of months" and 
IImany millions" of barrels of oil. He did not, however, specify 
the exact time or number of barrels since the Corporation and 
Union are still involved in negotiations. If Union cannot demon- 
strate at least one half of the projected energy savings during 
the acceptance test period, it will not be entitled to any of the 
$7 per barrel incentive. If, on the other hand, Union can demon- 
strate at least one half of the savings, it would be entitled to a 
$3.50 per barrel incentive which could eventually be increased by 
a formula to $7 per barrel depending on the additional energy sav- 
ings achieved.4 The Corporation will have access, according to 
the Project Officer, to all phase II records in order to verify 
that Union met the prescribed objectives during the acceptance 
test period. 

According to the Corporation's Project Officer for Union, the 
$7 per barrel incentive is a means to encourage Union to make 
every effort to develop Unishale C as a commercial technology be- 
cause of its potential energy savings. While Union is the Corpor- 
ation's first attempt with such an incentive provision, the Proj- 
ect Officer pointed out that this type of financial incentive 
could conceivably be used again with future financial assistance 
awards. 

IJnion officials told us that they do not view the $7 per bar- 
rel as an incentive. Documentation from the Corporation shows 
that in December 1982 Union had proposed to build phase II using 
its Unishale B technology. According to the Project Officer, it 
was not until May 1983 that Union introduced its Unishale C tech- 
nology into negotiations for the phase TI project. Also durlnq 
negotiations, the Corporation introduced, and Union accepted, a 
provision which states that if Union builds phase II with IJnishale 
B technology, Union would receive a $60 per barrel price stlpport 
rather than $67 per barrel. IJnion officials, therefore, view the 
$7 per barrel as a penalty. However, if Union 1s successful in 
achievinq the full $6 per barrel energy savings, thereby enabling 
it to receive the additional $7 per barrel incentive, the net 
effect would be a $13 per barrel benefit to IJnion. 

~--_ _- _-__ -__ __ 
4Sincc the Corporation and Union are still negotiating the phase 

II contract, the Corporation would not provide specifics on the 
formula to be used to derive the additional incentive. 
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' WlLL THE CURRENT PROBLEMS ASSOCIATED WITH ----~ --- 
BRINGING PHASE I ON J,INE BE FULLY RECONCILED ---- ---_- --- 
PRIOR TO PHASE II CONTRACT EXECUTION? ---_------- - --- 

Construction of phase I was completed on Auqust 15, 1983. 
IIowt-ver , various components of thr plant were completed prior to 
that time. For example, the mine was completed in February 1983, 
the upgrading facilities in April 1983, and the retort in August 
1983. On October 20, 1983, Union made its first attempt to start 
the retort. Union officials stated that they had anticipated that 
phase I would operate at 50 percent of capacity by December 1983. 

This, however, did not happen. Since October 20, 1983, Union 
has made about 20 unsuccessful attempts to operate the plant. 
While there were several problems in the earlier attempts, such as 
a faulty conveyor belt on the shale disposal equipment, the major 
problem, according to Union and the Corporation, was with a com- 
ponent called a "scraper" which removes the retorted shale from 
the top of the retort. Union redesigned the scraper and, in April 
1984, tested the retort with it. According to a Corporation offi- 
cial, the scraper and retort worked "very well" and there was some 
confidence that the problem had been resolved. However, as of 
,July 1984, Union continued to experience technical problems with 
equipment which processes the retorted shale and has not yet 
proven that phase I will work. 

To provide assurances that Union will not proceed with phase 
II until the phase I problems have been resolved, the draft phase 
II contract includes provisions, according to Corporation and 
(Inion officials, requiring Union to demonstrate the "successful 
startup" of phase I. Although the definition of successful start- 
up is still under negotiation, the draft contract states that 
Union will operate phase I at least at 50 percent of design 
capacity for 30 consecutive days. 

The draft contract, according to Corporation officials, also 
contains a renegotiated "contract administration feeIt whereby 
the portion of the fee Union would be required to pay prior to 
successful startup for phase I would be reduced. The total con- 
tract administration fee set out in the December 1, 1983, letter 
of intent was about $6.8 million. Three payments were designated: 
$3.4 million at the time of contract execution; $2.4 million at 
the time Union decided to construct increment I or December 31, 
1986, whichever was earlier; and about $1 million at the time 
Union decided to construct increment II or December 31, 1990, 
whichever was earlier. 

According to the Corporation's Project Officer for Union, the 
total contract administration fee of $6.8 million has not 

5The Energy Security Act states that the Corporation may require a 
fee-- up to 1 percent of the financial assistance to be provided. 
Such fees may be used by the Corporation for administrative costs 
associated with the contract. According to the Project Officer 
for Union, should a sponsor abandon the project, the fee is not 
refunded. 
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changed in the draft contract, but the number of installments 
have. Rather than the three Installments In the letter of Lntent, 
Union would make four: (1) $750,000 at the time of contract execu- 
tion, (2) after Union successfully operates phase I at 50 percent 
of design capacity for 30 days, (3) when Union decides to con- 
struct increment I, and (4) when union decides to construct incre- 
ment II. This official would not, however, specify the amounts 
for the other three installments. 
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